Numerical analysis has been carried out on I I O features of 158 named and unnamed coryneform bacteria. At the 30 yo S-level, four phena of unequal size were formed, the largest of which (phenon II) was divided into two subphena at the 45% S-level representing the genera Arthrobacter and Nocardiu. Phenon III was divided into two subphena at the 45 % S-level (IIIA and IIIB). Subphenon IIIA was made up largely of Gram-positive strains received as Flavobacterium. Subphenon IIIB contained a variety of strains including a group of cellulomonas-like organisms. Phenon IV was divided into two subphena at the 35% S-level representing the animal-pathogenic corynebacteria and Microbacterium j?avum respectively. Phenon V contained six strains of which five were plant pathogenic corynebacteria. DNA base composition determinations were carried out on representative strains and the values obtained generally correlated well with the numerical groupings. Considerable reorganization of most coryneform genera was considered necessary and suggestions for the reclassification of species and of particular strains have been made.
INTRODUCTION
The taxonomic difficulties associated with the group of coryneform bacteria have been reviewed by Clark (I952), Jensen (1952 Jensen ( , 1953 , Gibson (I953) , Bousfield (1969) and Veldkamp (1970) . The coryneform group, which is characterized mainly on a morphological basis, is considered to include the genera Corynebacterium, Arthrobacter , Brevibacterium, Microbacterium, Cellulomoms, Listeria, Erysipelothrix, Mycobacterium and certain species of Nocardia, but the equivocal definition of most of these genera causes difficulties in identification.
In recent years, studies of the taxonomy of coryneform bacteria by numerical methods have included those of Da Silva & Holt (1969 , Chatelain & Second (1966 ~ Harrington (1966) , Mullakhanbhai & Bhat (1967) , Splitstoesser, Wexler, White & Colwell (1967) , Davis, Fomin, Wilson & Newton (1969) , , Masuo & Nakagawa (1969) and Skyring & Quadling (1970) . Non-numerical studies have included those of Keddie, 
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trehalose and xylose. Hiss's serum water sugars (Wilson & Miles, 1964) were used for the animal pathogens. The utilization of various compounds as sole carbon sources was tested by the replicaplating method of Stanier, Palleroni & Doudoroff (1966) . The replicating device was designed and built by the Torry Research Station workshops and is fully described elsewhere (Bousfield, 1969) . The basal medium used for the carbon utilization tests was that described by Stanier et QZ. (1966) , to which was added (per 1) 2.5 ml of the following growth factor solution (L. B. Perry, personal communication) : p-aminobenzoic acid, 2 mg; folic acid, 2 mg; biotin, 0.4 mg; nicotinic acid, 40 mg; pantothenic acid, 40 mg; thiamin, 40 mg; BIZ, 0.2 mg; distilled water, IOO ml. Test compounds were incorporated into the basal medium at a concentration of 0.1% (wlv) and were sterilized by filtration wherever possible, otherwise sterilization was by tyndallization. Compounds tested as sole carbon sources were the sodium salts of acetic, citric, DL-lactic, hippuric, formic, oxalic, succinic, D-malic, fumaric, malonic, meso-tartaric, pyruvic, D-mandelic and benzoic acids, phenol, glycine, L-alanine, L-serine, L-threonine, L-leucine, L-valine, L-glutamic acid, L-lysine, DL-arginine, DL-ornithine, y-aminobutyric acid, L-histidine, L-proline, L-tyrosine, L-phenylalanine, cystine, cysteine and methionine. Plates of the basal medium described above with the addition of I % (wlv) glucose were used to test strains for the ability to utilize inorganic nitrogen.
Computation of results. Computation of results was carried out by Mr J. C . Gower and Mr H. R. Simpson of the Rothamsted Experimental Station, Harpenden, Hertfordshire, using Gower's classification programme CLASP on the Orion computer. Details of this programme were kindly supplied by Mr H. R. Simpson. Negative matches were not included in the calculation of similarity. Table 2 gives the single features derived from the tests described above. In Table 2 
RESULTS
The complete S-matrix obtained from the numerical analysis is represented diagrammatically in Fig. I . The dendrogram derived from the S-matrix is shown in Fig. 2 and gives linkages to the 30 % S-level. It can be seen from the dendrogram that four phena of unequal size (phena I to IV) are formed at the 30% S-level and that one further phenon (V) is formed below the 30% S-level. Phenon I contains only two strains and will not be discussed further. Phenon I1 divides at the 45% S-level into two subphena (IIA and IIB) and three strains. Phenon III divides at the 45% S-level into two subphena (IIIA and IIIB). Phenon IV divides at the 35% S-level into two subphena (IVA and IVB). Groups within subphena The values obtained from DNA base composition determinations are given in Table 3 Phenon III. Most of the 36 strains in this phenon were slender, Gram-positive or Gramvariable coryneform rods (and occasionally filaments) breaking down into cocco bacilli in 48 to 72 h. Individual cells were generally smaller than those found in strains of phenon I1 and they stained less deeply by the Gram-reaction. No strains were acid-fast by the method used. Motility was quite often encountered in this phenon, but no pattern was apparent. 
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All strains in subphenon IIIA were strict aerobes and were able to utilize ammonium nitrogen. Most strains produced acid from a fairly wide range of carbohydrates and were able to utilize acetate, lactate, pyruvate and glutamate as sole carbon sources. All the socalled Flavobacterium strains in cluster 6 were able to withstand heating at 60 "C for 30 min.
All strains in subphenon 1U.B with the exceptions of NCIB9860 and IJBI5 were facultatively anaerobic. Most strains readily produced acid from a wide range of carbohydrates and were able to utilize ammonium nitrogen. The ability to utilize various compounds as sole carbon sources was much less pronounced than in subphenon IIIA. Three strains (Cellulomonas biazotea NCIB8077, Nocardia celhlans ~~1~8 8 6 8 and IJBI I) were cellulolytic. The
yo GC values for strains tested in subphenon IIIA were in the narrow range 65 to 67, whereas the range of yo GC values in subphenon IIIB was much wider. The value obtained for the single strain tested in cluster 8 (C48A) was 59 "/o and that obtained for NCIB9859 and NCIBg860 was 66%. The % GC values for all other strains tested in this subphenon (C. biazotea NCI~8077, N. cekdans ~~1~8 8 6 8 , Brevibacterium fermentans NCIB9943, Corynebacterium manihot NCIB9097, Microbacterium lacticurn NCIB8540 and NCMB670) were in the range 70 to 73 %.
Phenon IV. Most strains in this phenon were Gram-positive or Gram-variable coryneform rods of various sizes. With the exception of Corynebacterium ovis NCTG3450 and Brevibacterium divaricatum ~~1~9 3 7 9 a morphological cycle was not noted. Listeria monocytogenes NCTC7973 and Erysipelothrix rhusiopathiae N C T C~ I 63 were morphologically exceptional in that neither strain showed any of the usual coryneform features. The former showed straight, regular rods whilst the latter showed loops, 'horseshoes' and filaments. Neither of these strains showed any morphological similarity to any other strain included in the present study. All strains with the exception of C. betue N C P P B~~~ were facultatively anaerobic. Strains in subphenon IVB utilized ammonium nitrogen under the test conditions, whereas those in subphenon IVA did not. All strains in subphenon IVB with the exception of Microbacterium fravum NCIB8707 were able to tolerate heating at 63 "C for 30 mjn by the method of testing. The strains in subphenon IVA tested for DNA base composition (C. betae ~cPPB363, C. diphtheriae NCTC7429 and c. xerosis NCTCg755) had yo GC values of 66.5, 55 and 59 respectively. The yo GC value for M.$avum NCIB8707 was 56; that for the other three strains in subphenon IVB was 51.
Phenon V. The six strains in this small phenon were Gram-positive or Gram-variable, pleomorphic, coryneform rods. No morphological cycle was observed in any of the strains in this phenon. All strains were strictly aerobic and were able to utilize ammonium nitrogen. Most of the sugar fermentation and carbon utilization tests gave negative results.
DISCUSSION
In general, our results are in agreement with those obtained in similar studies by other workers which have also indicated that some redistribution of strains in the various coryneform genera appears necessary. To this end, each major phenon will be discussed in turn and its status in the context of current coryneform genera will be considered.
Phenon II. This phenon represents NocardialMycobacterium and Arthrobacter. Most strains in IIA were similar to the Mycobacterium rhodochrous group of organisms described by Gordon (1966) . None of the strains in IIA appeared to be closely related to the animal pathogenic corynebacteria of phenon IV, which supports the conclusion of that despite earlier suggestions to the contrary (Cummins 1962; Harrington, 1966) , Mycobacterium and Nocardia should remain separate from Corynebacteriurn. 
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The inclusion of Corynebacterium .fascians in I1 A supports the already considerable body of evidence that this organism is a nocardia (Lacey, 1955; Ramamurthi, 1959) or at least a member of the Mycobacterium rhodochrous group (Gordon (1966) ~ who discussed the difficulties of assigning the latter group to a suitable genus).
Corynebacterium michiganense NCPPBI 468 is placed in subphenon I1 A, whereas Da Silva & Holt (1965) and found that the strains of C. michiganense used by them clustered with Microbacterium lacticum. The single strain of M . lacticum (NCIB8540) used in the present work is placed (unclustered) in subphenon IIIB.
All strains in IIB showed the morphological 'life-cycle' of 'typical' arthrobacters. This phenomenon appears to be the principal feature of the genus Arthrobacter as originally defined by Conn & Dimmick (1g47), and Skerman (1967) emphasizes that, in the identification of Arthrobacter, the final transformation into cocci is the most important feature to be observed. Bergey's Manual of Determinative Bacteriology (Breed, Murray & Smith, 1957) also stresses this point. Whilst such a morphological cycle may be a prerequisite for the genus Arthrobacter, our results show that it is by no means restricted to this genus. Indeed, its occurrence in the coryneform group seems to be the rule rather than the exception (Veldkamp, 1970) and it has been observed in many coryneform organisms including Cellulomonas and Corynebacterium diphtheriae, albeit less strikingly than in 'typical ' arthrobacters (0rskov, 1923; Grubb & Koser, 1934; Jensen, 1952; Gibson, 1953; Miiller, 1957; Kuhn & Starr, 1962; Mulder & Antheunisse, 1963) . Keddie et al. (1966) commented upon the unreliability of the 'life-cycle' as a definitive criterion for the recognition of Arthrobacter species, concluding that the creation of a separate genus on morphological grounds alone was not justified. Thus Arthrobacter must be defined by more suitable criteria than the mere occurrence of a morphological cycle. In this context, the study of nutritional features and cell-wall composition may prove useful in the future (Keddie, Leask & Grainger, 1966; Owens & Keddie, 1968 , 1969  I. J. Bousfield, unpublished results).
In subphenon IIB, cluster c appears to represent the Arthrobacter globiformis type of coryneform. Included in cluster c are Brevibacterium helvolum ~~1~9 7 9 2 , B. liquefaciens NCIB9545, B. fuscum ~Crsg684 and Corynebacterium ilicis NCPPB1228, all of which are very similar to A. globiformis and all of which would be more suitably accommodated in the genus Arthrobacter than in either of Brevibacterium or Corynebacteriurn. Cluster b consists of Brevibacterium linens ~~1~8 5 4 6 and similar strains. The similarity of B. linens to members of Avthrobacter has already been noted by several workers (e.g. Schefferle, 1957; Mulder & Antheunisse, 1963; Mulder, 1964; Mulder et al. 1966) and Da Silva & Holt (1965) and suggested that it be renamed Arthrobacter linens. If the results of previous work are taken with those obtained in the present study, it would seem that B. linens, whilst differing in several respects from A. globiformis, should nevertheless be contained in the same genus as the latter.
The inclusion of cluster a in subphenon IIB is of note since this cluster includes named strains of Nocardia canicruria and N. calcarea, organisms considered by Gordon (r966) to belong to the Mycobaterium rhodochrous group. The strains in cluster a are, in fact, linked to many of the strains in subphenon IIA as can be seen from the S-matrix in Fig. I . These linkages cannot be satisfactorily indicated on the dendrogram in Fig. 2 . However, the various linkages shown by the strains of cluster a tend to emphasize the indeterminate nature of the boundary between Arthrobacter and Nocardia.
Cluster d consists of unnamed arthrobacter-like soil strains and cluster e consists of unnamed marine organisms linked to a further four marine strains including Corynebacterium erythrogenes NCMBS, which again would seem to be more suitably placed in Arthrobacter Taxonomy of coryneforms 45 1 than in Corynebacterium. Corynebacterium barkeri ~~1~9 6 5 8 , which is amongst the unclustered strains in subphenon IIB, also seems to resemble the arthrobacters more than the corynebacteria.
Phenon III. Most of the strains in subphenon IIIA were originally designated Flavobacterium strains, but it seems obvious that these so-called flavobacteria are coryneforms. The similarity of the Flavobacterium strains of group 6 to Corynebacterium mediolanum Nc1~7206 is enhanced by their cell wall composition (Bousfield, 1969) . The cell walls of all the strains in group 6 contain diaminobutyric acid as the principal diamino acid. This compound was previously reported in the cell wall of Corynebacterium tritici (Perkins & Cummins, I 964) .
The strains in subphenon IIIA could be regarded as all belonging to the same genus, since in addition to their overall similarity the yo GC range is fairly narrow (65 to 67), but selection of a suitable genus remains a problem. These strains were sufficiently distinct in this study to warrant their exclusion from all of the existing coryneform genera. The only previously described genus into which the strains of subphenon IIIA can be easily fitted is Brevibacterium (Chatelain & Second, 1966 Breed, 1953 a, b) which was legitimately described. Therefore, the creation of a new genus would seem to be needed. Included in subphenon IIIA is a strain of Cellulomonas fimi ( N c I B~~~o ) , an organism which seems to be wrongly classified since it is non-cellulolytic and shows very little relationship with Cellulomonas biazotea. Also included in subphenon 111 A is Corynebacterium rubrum ~~1~9 4 3 3 , which according to Gordon (1966) is similar to Mycobacterium rhodochrous, but this similarity has not been demonstrated in the present work.
In subphenon IIIB the strains of group 7 (Nocardia cellulans ~~1~8 8 6 8 , Brevibacterium fermentans NCIB9943, IJB I I , Corynebacterium rnanihot N C I B~O~~ and Ce/hIomonas biazotea ~C 1~8 0 7 7 ) have a similar DNA base composition and they appear to be related in terms of overall similarity. In addition, Nocardia cellulans and IJBI I are cellulolytic. It seems possible that these strains could all belong to the same genus. However, M. Goodfellow (personal communication) found that Nocardia cellulans showed some similarity to Oerskovia turbata (Prauser, Lechevalier & Lechevalier, 1970) , the relationship of which to Nocardia cellulans and other organisms is currently under investigation in this laboratory.
Phenon I V. With the exception of three strains (Corynebacterium betae NCPPB363, Listeria monocytogenes ~~~~7 9 7 3 and Erysipelothrix rhusiopathiae NCTC8 I 63) subphenon IV A consists of animal pathogenic corynebacteria. These organisms have generally been considered closely related to each other and the present results bear this out. The % GC values obtained for two strains (Corynebacterium diphtheriae NCTG7429, 54 yo and C. xerosis 59% NCTC7755) are fairly close and fall into the yo GC range for corynebacteria determined by Bouisset et al. (1963) . However, coryneform DNA base analysis by Yamada & Komagata (1970b) casts some doubt both on the results of Bouisset et al. (1963) and on the apparently close interrelationships amongst the animal pathogenic corynebacteria. Yamada & Komagata ( I 970 b) gave a 74 GC range of 5 2 to 68 for the animal pathogenic corynebacteria, whereas the range given by Bouisset et al. (1963) was 52 to 59.
It may be noted that Corynebacterium equi N C T C I~~I falls into phenon IV and that a relationship between this organism and the mycobacteria (Jensen, 1934 (Jensen, , 1952 Harrington, I 966) has not been demonstrated here. Although ErysQelothrix rhusiopathiae NCTC8 I 36 and Listeria monocytogenes ~~~~7 9 7 3 are included in phenon IV, their relationships with
